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Let X be a continuous random variable denoting the temperature measured. The range of temperature is
[0, 100] degree Celsius and let the probability density function of X be f(x) = 0.01 for 0 <X <100.

The mean of X is
(A) 25.0 (B) 5.0 (C) 50.0 (D) 25
(©)

Sol:  E(X)=Meanof X

2 100 1
_ X?j 5 2:%x100x100:50

In the figure shown above, each inside square is formed by joining the midpoints of the sides of the next
larger square. The area of the smallest square (shaded) as shown, in cm? is:

(A) 6.25 (B) 3.125 (C) 1.5625 (D) 1250
(B)

Using Pythagoras theorem, in each square, we can find side length.

.. Side of smallest square becomes = =
NG

=3.125

2
.. Area of smallest square = 35
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The important of sleep is often overlooked by students when they are preparing for exams. Research has
consistently shown that sleep deprivation greatly reduces the ability to recall the material learnt. Hence,
cutting down on sleep to study longer hours can be counterproductive.

Which one of the following statements is the CORRECT inference from the above passage?
(A) To do well in exam, adequate sleep must be part of the preparation

(B) Students are efficient and are not wrong in thinking that sleep is a waste of time

(C) If astudent is extremely well prepared for an exam, he needs little or no sleep

(D) Sleeping well alone is enough to prepare for an exam. Studying has lesser benefit

(A)

10

n .
Year 2
Pass . Fail

The number of students passing or failing in an exam for a particular subject is presented in the bar chart
above. Students who pass the exam cannot appear for the exam again. Students who fail the exam in the
first attempt must appear for the exam in the following year. Students always pass the exam in their
second attempt.

The number of students who took the exam for the first time in the year 2 and the year 3 respectively,
are

(A) 65and53 (B) 55and53 (C) 60and>50 (D) 55and 48
(D)

From the bar graph

In year 2: Total number of students who took the exam = 60 + 5 = 65

But who took the exam for 1% time = 65 — 10 = 55.

In year 3: Total number of students who took the exam =50 + 3 =53

But who took the exam for 1 exam = 53 -5 = 48

Hence option (D) is correct.
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Which one of the following numbers is exactly divisible by (11°+1)?
(A) 117 -1 (B) 11* -1 (C) 11®+1 (D) 11 +1
Key: (A)

Sol:  11%

(1) -
(117 +1)(12% 1)
(127 +1)| (12°) (1)

=(11® +1)[(1113) —1](1113 +1)

112 41 is divisor of 11% —1.

Sevencars P, Q, R, S, T, U and V are parked in a row not necessarily in that order. The cars T and U
should be parked next to each other. The cars S and V also should be parked next to each other, whereas
P and Q cannot be parked next to each other. Q and S must be parked next to each other. R isparked to
the immediate right of V. T is parked to the left of U.

Based on the above statements, the only INCORRECT option given below is:
(A) There are two cars parked in between Q and V

(B) Q and R are not parked together

(C) Vs the only car parked in between S and R

(D) Car P is parked at the extreme end

(A)

According to the given information, we can arrange:

Q SV RTUFP

Statements: (B), (C), (D) are true and
Statements (A) is incorrect.

(v There is only one car between Q and V)

A transparent square sheet show above is folded along the dotted line. The folded sheet will look like
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(A) (B)

I3
S

N

(©)

If the square sheet is folded along the dotted line, then the folded sheet will look like as follows.

The people were at the demonstration were from all sections of society.
(A) whose (B) which (C) whom (D) who
(D)

Oasis is to sand as island is to

Which one of the following options maintains a similar logical relation in the above sentence?
(A) Water (B) Mountain (C) Land (D) Stone

(A)

For a regular polygon having 10 sides, the interior angle between the sides of the polygon, in degrees, is:
(A) 396 (B) 144 (C) 216 (D) 324
(B)
The formula for calculating the sum of interior angles in a regular polygon is (n—2) x 180°.
Here n =10
The sum of interior angles of a decagon = (10 —2) x 180 = 8 x 180°.

Each interior angle = 8X11§O =144°.
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In a single-phase transformer, the total iron loss is 2500 W at nominal voltage of 440V and frequency
50Hz. The total iron loss is 850W at 220V and 25 Hz. Then, at nominal voltage and frequency, the
hysteresis loss and eddy current loss respectively are

(A) 900 W and 1600 W (B) 250 W and 600 W
(C) 1600 W and 900 W (D) 600 W and 250 W

Key: (A)

Sol:

Given:

W, =2500W

V, =440V

f, =50Hz

W, =850W

V, =220V

f, =25Hz

Iron loss, W, =W, +W, ...(A)
Hysteresis loss, W, = A, (1)
W, =Bf? ...(i1)
Substitute (i) and (ii) in (A) equation, we get
W = Af + Bf?

¥=A+Bf

Substitute, f, =50Hz in (B)

290 _a+508
50

50=A+50B
Substitute f, =25Hz in (B)

@ZA-FZSB

25
34=A+25B .2
Solve (1) and (2) equations, we get
A =18,B=0.64
Substitute A and B values in equation (i) and (ii) to find W, and W.,.
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W, = Axf =18x50=900W
W, = Fyf =0.64 x50 =1600W
Vo M

f2 1:l

220 _ 440

25 50
So,B,, =B,

A signal generator having a source resistance of 50 Q) is set to generate a 1 kHz sinewave. Open circuit

terminal voltage is 10V peak-to-peak. Connecting a capacitor across the terminals reduces the voltage to
8V peak-to-peak. The value of this capacitor is pF. (Round off to 2 decimal places).

(2.38)
As per the given information, before connecting the capacitor the circuit looks like

—MWW o
50Q

5sin(2nx10°t) 6)

o)

If peak amplitude is 5 then peak to peak amplitude is 10.
After connecting capacitor at load, the circuit should look like

—MWW\ )
500 +

55in(21t><103t) 6) Vo(t)=4Sin(2n><103t+¢)

(o)

If peak amplitude is 4 then peak to peak amplitude 8.

Here out interest is only amplitude not phase

R

50 O
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(09) =370 09~ o2
5

1+((1)RC)2
5

1+(03F2C)2

:>|V0(joa)| =

=4=

=1+(wRC) = (ZJZ

1.25)° -1 1.25)° -1 0.5625
30:\/( m2222 - [ 3)2 F “\ogex107  oHF
(2n><10 ) ><(50) 00X

A 100 Hz square wave, switching between 0V and 5V, is applied to a CR high-pass filter circuit as
shown. The output voltage waveform across the resistor is 6.2V peak-to-peak. If the resistance R is
820 Q, then the value C is uF. (Rounded off to 2 decimal places).

o
Output

L]

Key: (12.43)
Sol: Given,

V. A | 0 4+

Output, V,

SV

o Voror (peak to peak )

0 T/2 T 3T/2

FromKVL, V.-V, -V, =0=V, =V, -\,
(Charging)

(assumed)

C,min

For 0<t<%,vc(o):v
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V¢ (0) =5V (- input available is maximum 5V capacitor can change maximum upto 5 only)

AS Vo (1)=V/(20) £ [ V(0) V(o) e

Ve (1) =5+(Vomn —5)e "
T

=V

Att=—,Ve=V, o

C, max

=5+(v

C,min

-5)e " (D)

(Discharging)
Ve (O) =V,

For I<t<T, comax
2 Vl(oo):O

(t-T/2) (t-T/2)

Ve=0+(Vorm—0)e = =Veme °

— YC,max

Att=T, V.=V,

C,min

=V, =V, e/ ...(ii)

C,min C,max

From above analysis the corresponding waveforms are,

Vig

5V

T

.
e

-V,

C,max T

Given, V,, , =6.2V

= (5= Ve )—(-V.

C, max

):6.2
~V.

C,min

=V

. =1.2V .. (iii)
Solving (i), (ii) and (iii), t=0.0102 using T = ﬁsec

=RC=0.0102=C=1243 uF
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Let f(t) be an even function, i.e., f(—t)=f(t) for all t. Let the Fourier transform of f(t) be defined as

jf(t)e’j‘”‘dt. Suppose @:—wF(m) for all ®, and F(0) =1.Then
i 0

(A) £(0)>1 (B) f(0)=0 ©) f(0)<1 (D) f(0)=1
Key: (C)
Sol:  Itisgiventhat f(—t)=f(t)=f(t), vt
dF (o)

[O)

SoF(w)=e 2

We know

*(1)2

e’atz Eeﬂ
a

2

t, B
Ifazgthene 2 >+2me ?

—t?/2

© All rights reserved by Thinkcell Learning Solutions Pvt. Ltd. No part of this booklet may be reproduced or utilized in any form without the written permission.




GATEFORUM
Enprevia Sieen |EE-2021 |

Consider the table given:

Constructional feature Machine type Mitigation

(P) Damper bars (S) Induction motor (X) Hunting

(Q) Skewed rotor slots (T) Transformer (Y) Magnetic locking

(R) Compensating winding (U) Synchronous machine (Z) Armature reaction

(V) DC machine

The correct combination that relates the constructional feature, machine type and mitigation is

(A) P-V-X, Q-U-Z, R-T-Y (B) P-T-Y, Q-V-Z, R-S-X

(C) P-U-X,Q-V-Y,R-T-Z (D) P-U-X, Q-S-Y,R-V-Z

(D)

(i) Synchronous machines are not self-starting machines. These machines are made self-starting by
providing a special winding in the rotor poles known as damper winding. When there is change in
load, excitation or change in other conditions of the systems rotor of the synchronous motor will

oscillate to and fro about an equilibrium position. These oscillationsbecomes more violent and
resulting in loss of synchronism of the motor and comes to halt.

If the rotor and the stator conductors are parallel to each other, there is a strong possibility of the
magnetic locking between the rotor and stator. Therefore, the rotor slots are skewed.

In order to neutralize the cross-magnetizing effect of armature reaction, a compensating winding is
used in DC machines. The compensating windings consist of a series coils embedded in slots in the
pole faces. These coils are connected in series with the armature.

Hence, PUX — QSY — RVZ’

Inductance is measured by

(A) Schering bridge (B) Kelvin bridge
(C) Wien bridge (D) Maxwell bridge
(D)

For inductance measurement Maxwell’s bridge is used.

e Schering bridge is used for measurement of capacitance.

e  Wien bridge is used for measurement of frequency.

e  Kelvin bridge is used for measurement of resistance.

Suppose 1,,1; and I, are a set of unbalanced current phasors in a three-phase system. The phase-B zero-

sequence current 1,,=0.120°p.u. If phase-A current 1, =1.120° p.u and phase-C current
lc =(1£120°+0.1)p.u. then I in p.uis

(A) 1/-120°+0.120° (B) 1/—240°+0.1./0°
(C) 1.1£240°—0.1.0° (D) 1.1/-120°+0.1.0°
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Key: (A)
Sol:  Given, I, =0.120pu
I, =1.120pu
lc = (14120o + 0.1) pu

LT 1
We know, =1 o and I,, =1
1 «a

Bo = lco
IC
L=l + 1 +1,, =110
=1, +1,=11/0-1,,=1.0
Also, I =1,,+al,, +a’l,, =1/120+0.1

=al, +o’+1,,=1,120°
Solving (i) and (ii),
l,,=1.0puandl,, =0

Then, Iy =1,, +a’l,, +al,,
=lgy + 0%l +al,,
=0.1+1£240+0
=1/-120+0.1£0

An alternator with internal voltage of 125, p.u and synchronous reactance of 0.4 p.u is connected by a
transmission line of reactance 0.1 p.u to a synchronous motor having synchronous reactance 0.35 p.u
and internal voltage of 0.85.5, p.u.If the real power supplied by the alternator is 0.866 p.u, then

(8,-5,) is degrees. (Round off to 2 decimal places.)

(Machines are of non-salient type. Neglect resistances).
(60)

E =18V

Xs =j0.4 pu

R, =j0.1pu

X, =J0.35pu

P =0.866 pu

Total power transferred,

1x0.85

P="1Vsin(5,-5,)= 0866= 090
X 0.1+0.35+0.4

€q
sin (3, —8,) = 0.866
5, —5, =60°

sin(8,-3,)
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Consider the boost converter shown. Switch Q is operating at 25 kHz with a duty cycle of 0.6. Assume
the diode and switch to be ideal. Under steady-state condition, the average resistance R, as seen by the

source is Q (Round off to 2 decimal places).

ImH
ww >

— 1 Q 1004F 7 100
>

U

T
]

R

in

V,
foperating = 25kHz and D =0.6 We need to calculate average R, = [I—S]
S

DC

- B g5y 1= Yo 32 g5
1-06 R, 10

=375 _q 3750
1-D 04

= _160
9.375

Hence, the average resistance R,, as seen by the source is 1.6Q.

If the input x(t) and output y(t) of a system are related as y(t)= max(O,x(t)), then the system is

(A) non-linear and time-invariant (B) linear and time-invariant

(C) non-linear and time-variant (D) linear and time-variant
(A)

Itis given that y(t)=Max(0,x(t))

y,(t)=Max[0,x,(1)]
Y, (t)= Max[o,xz(t)]
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Ya(t) =Max[ 0, (x, (1) + %, (1))
Y, (t)=Max[ 0,ax(t)]
Ys (t)=aMax[0,x(t) ]

For additively we want y, (t) =y, (t)+y,(t)

Homogeneity we want y, (t) =y,(t)

Let x(1)=1and x, (t)=—1(both D.C)

Ifinputis x(t—t,) then y, (t)=Max[0,x(t—t,)]
y(t—t,)=Max[0,x(t-t,)]
Since y, (t)=y(t, —t,) system is time invariant

So, system is nonlinear and time invariant.

Consider the buck-boost converter shown. Switch Q is operating at 25 kHz and 0.75 duty-cycle. Assume
diode and switch to be ideal. Under steady-state condition, the average current flowing through the
inductor is A.

Iin \Q
M
Zovgm 1mH | 100uF T
(24)

Given, f =25kHz, D =0.75 and converter is buck boost.

1 " operating

First of all we should check for continuity or discontinuity of converter

(1-D)’R  (1-0.75)" x10 .
L= = —=1.25x10"° or12.5 uH
2f 2x25x%10

L(given)> L hence it is continuous mode of operation.
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Vo _
R

ID
o= = =
1-D 1-0.75
Hence, the average current flowing through the inductor is 24A.

Let A be a 10 x 10 matrix such that A® is a null matrix, and let | be the 10 x 10 identity matrix. The
determinant of A + 1 is

D

Given A’ =0

= Ais Nilpotent matrix

= eigen values of A are all ‘0’

= eigen values of the matrix A + | are all equal to 0+1 =1
Determinant of (A+ 1) is product of eigen values of (A+ 1)

=1x1x1... x1 (10 times) =1 (Using properties of eigen values)

In the given circuit, for voltage V, to be zero, the value of B should be (Round off to 2 decimal places).

10 \V/ 2Q V 3Q

X y

(~3.25) -

In the following network we need to obtain value of 3 for which V, is 0

10 \V, 2Q Vv 3Q

X y

Writing Nodal equation at node X we have
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Key:

V,-6 V.-V, V,
+ +—*=
1 2 4
=4V, -24+2V, -2V, +V, =0
=7V, -2V, =24

IV, =0V, =2V
7

0

Writing nodal equation at node y we have

Vv, -V, V,6 -BV
y x+y BX—ZZO
2 3

If V, =0then V. B
2

=2

= -3V, -2BV, =12
=V, (3+28)=-12
-12 -12

=23+2P=—=>2=—-=3
g V, g V,

X X

:>2B=[—12xlj—3
24

=2p=-35-3
:B:?:—3.25

=p=-3.25

In the figure shown, self-impedance of the two transmission lines are 1.5j p.u each, and Z_ =0.5jp.u is
the mutual impedance. Bus voltage shown in the figure are in p.u. Given that 6 >0, the maximum
steady-state real power that can be transferred in p.u from Bus-1 to Bus-2 is

Transmission
Line-1

Transmission
Line-2

(A) 2/g||V| (B)

3E[V]
2

(©
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Sol: We know,

L,L, —M?

Where, L, =
L +L,-2M

(j(DLl)(jooLz)—(joaM)2
(joaLl)+(jcoL2)—2(joaM)

Or, jo)Leq =

X Xps—X:,  15x1.5-05°
X+ X, —2X,  15+1.5-2x05

or, X, = lpu
o _IEIVI_[ExM
max X 1

eq

=[E|[V]

In the circuit shown, the input V, is a sinusoidal AC voltage having and RMS value of 230V +20%. The
worst-case peak-inverse voltage seen across any diode is V. (Round off to 2 decimal places).

3R

T 7

Given, V, =230+ 20%, and as given diagram

(390.32)

We have to calculated worst case peak inverse voltage seen across any diode.

(VorscJny =V ) =J[%j +(280x1.2)" = [2x (276’

(V

D max

) —390.32V
PIV

The worst case peak-inverse voltage seen across any diode is 390.32V.
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16. In the given circuit, for maximum power to be delivered to R, its value should be
(Round off to 2 decimal places).

4mH
(1] )

Vv E— o=1k rad/s

|1
]
0.5mF
Key: (1.414)
Sol:  In the following network we need to obtain valved R, for maximum power transfer
4mH
o

o =1k rad/s E‘)

0.5mF

Since the load is purely resistance the condition for maximum power transfer is R, =|Z,|
Computation of Z,, independent voltage source is short circuited.
Z, = joL =jx1000x4x107° = j4Q

-1 _J

Z :—:—:_-ZQ
¢ oC 05x10°x10° J

o (1)
j40

(<)
° \
|1
)
z

~j20
4 2 _ 290
2+j2 1+j /2|45
R, =2, =|[V2l48|= V2 =1.4140

th

Z,=2||(j4=12)=2lj2= =/2/45°Q)
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Suppose the probability that a coin toss shown “head” is p, where 0 < p < 1. The coin is tossed
repeatedly until the first “head” appears. The expected number of tosses required is

1 1- 1
A = B) — © = © P

p p p 1-p)
©)
Let p=P, (head)

q="P (tail)=1-p

Let X be a random variable denote number of tosses till to get one head then X =1, 2, 3, ... is a discrete
variable and

X=X

1
2
3

L E(x)= ix.P(x)

x=1
=1xpP+2xqp+3xq°pP+...
=p><[1+2q+3q2+...]=p><(1—q)72

L, 1
=pxp’==
p
The input impedance, Z;,(s), for the network shown is
1H
° [ ]
6H gH §4H

(A) 6s+4 (B) 7s+4

25s% + 465 + 20 23s% + 465 + 20
©) BT D) —————
sS+5 45 +5
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Key: (D)

Sol:  Inthe following circuit we need to obtain input impedance.

40

The original network in S domain becomes

40 5s
—WW\— o 11y

gs
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Engineering Success
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Z, =(4+5s)+s]|(3s+5)
=4+55+352+5S
4s+5
165+ 20+ 20s” + 255 + 3s° + 55
- 4s+5
2352 + 465+ 20

4s+5

 23s® +465+20
" 45+5

E(s) .

For the closed-loop system shown, the transfer function m is
s

c(s)

»
>

GH G
T ® Tron

(D)

E(s
We need to obtain Q for following block diagram

R(s)

Cs) G :
—= (standard negative feedback system)

(s) 1+GH
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R(s)

1+GH

1+GH}

1+ GH - GH}
1+GH

1+GH

R(s) 1+GH

A single-phase full-bridge inverter fed by a 325 V DC produces a symmetric quasi-square waveform

across ‘ab’ as shown. To achieve a modulation index of 0.8, the angle 6 expressed in degrees should be
(Round off to 2 decimal places).

(Modulation index is defined as the ratio of the peak of the fundamental component of V,, to the applied

DC value).

y
Vab

T EEREEE R

(51.07)
Given,
V,, =325V,  m(Need toachieve)=0.8

0

V, = Z cosnesm n(ot)

135

4xV,,
T

(Vab )peakOl - cosO
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4

—V, cos0

m = (Vabol)peak _ T a — 08 = icose
V Vdc T

ac

0=>51.07°

.. To achieve a modulation index of 0.8, the angle 6 expressed in degrees should be 51.07° .

Let f(x) be a real-valued function such that f'(x,)=0 for some x,(0,1), and f"(x)>0 for all
x €(0,1). The f(x) has

(A) no local minimum in (0, 1) (B) one local maximum in (0, 1)
(C) exactly one local minimum in (0, 1) (D) two distinct local minima in (0, 1)

(©)

Since f'(x,)=0=>X, is called stationary point and x, €(0,1)

f"(x)>0forallxe(0,1)
=f"(x,)>0

= f(x) has local minimum at x,

i.e., exactly one local minimum in (0, 1)

Consider a continuous-time signal x(t) defined by x(t)=0 for [t>1, and x(t)=1-|t|for|t|<1. Let

the Fourier transform of x(t) defined as X(w)= _[ x(tle'dt.. The maximum magnitude of X() is

)
Signal: CTFT
x(t)=1-|t];[t|]<1

x(t):

1 0 1 t

X(w)=(Area of triangle)Sa* (m%dthj = (% x 2 ><1j8a2
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One coulomb of point charge moving with a uniform velocity 10 X m/s enters the region x>0 having a
magnetic flux density B = (10yX +10xy +102)T. The magnitude for force on the charge at x =0 is

N. (X, y and Z are unit vectors along x-axis and z-axis, respectively).
(100)

The Lorentz magnetic force F due to change moving with velocity V' in a magnetic field B is given by
F=q(V*B)

Given, q=1C, V =10&% m/sec, B = (10yX +10xy +102)

= F=1{10%x(10yX +10x7 +102 )| =100x (X x§) +100(X xX)

F=100x2 +100(¥)

At x=0"
F=-100y

= Magnitude of F=100N

For the network shown, the equivalent Thevenin voltage and Thevenin impedance as seen terminals ‘ab’
is

3i, 20

5A CD 100 l h

ob

(A) 65V in series with 15Q (B) 35V in series with 2Q
(C) 10V in series with 12 Q (D) 50V in series with 2Q
Key: (A)

Sol:  In the following network we need to obtain V, and R,

5A CD 100 l I
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Calculation of V,,

5A 0A 3
s <+—

—

- @

V, —0-3i,—10i, =0
V, =13i, =13x5=65V

t

Calculation of R,

(Current source is opened, dependent source is not disturbed)
V; -2l -3i,-10i, =0
V; =21, +13i;

(i, =1)

[V, =65V, R, =15Q]
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Consider a power system consisting of N number of buses. Buses in this power system are categorized
into slack bus, PV buses and PQ buses for load flow study. The number of PQ buses is N,. The

balanced Newton-Raphson method is used to carry out load flow study in polar form. H, S, M and R are
sub-matrices of the Jacobian matrix J as shown below.

AP A8 H S
{ }zJ[ }Wherer{ }
AQ AV M R
The dimension of the sub-matrix M is
(A) N, ><(N—1+ NL)
(C) N. x(N —1)
Key: (C)

Sol:  We know, Jacobian matrix is given by

P g
B Y
M= g R
05 3|V

Where numerator part of each sub matrices talks about known quantities and denominator about
unknown.

Here for M = @
0%

Q is known for PQ buses i.e.;, N, (given) and S is unknown for all buses except slack buses i.e., (N-1)

Hence, dimension of M should be N, x(N-1)

The power input to a 500V, 50 Hz, 6-pole, 3-phae induction motor running at 975 RPM is 40 kW. The
total stator losses are 1 kW. If the total friction and windage losses are 2.25 kW, then the efficiency is
%.

(90)

Given,

P=6

V =500V,

f =50Hz

P. = 40kW

N, =975 rpm

f and W loss = 2.025 kW
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Synchronous speed,
~120f 120x50
P 60
Ng =1000 rpm
_ Ng—N, 1000-975
Ny 1000

S =0.025
P,n =(1-S)P, =(1-0.025) x (P, —stator loss)
~0.975x (40 1)

Pym =38.025 kW

Motor efficiency,

Poc _ Pom —Precn  38.025-2.025

— Tout _
Ml P P 40

in in

N, =0.9=90%

A 1 uC point charge is held at the origin of a Cartesian coordinate system. If a second point charge of
10 uC is moved from (0, 10, 0) to (5, 5, 5) and subsequently to (5, 0, 0), then the total work done is
mJ. (Round off to 2 decimal places).

1 . . . .
Take —— =9x10° in Sl units. All coordinates are in meters.

4,

(9)

Work done depends on initial and final position

Initial point —(0,10,0) distance from origin = 10

Final point — (5,0,0) distance from origin = 5 o
origin
WAB =-0Q, (VA _VB)
g, 1x107°x9x10°
4me I, 10
v, = _1x10"° x9x10°
4me Iy

\Y/ =9x10

A

=18x10?

Now =10x10"° [9x102] —90x10™* =9x103J or 9 mJ
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A counter is constructed with three D flip-flops. The input-output pairs are named (D,,Q,).(D,,Q,)

and (DZ,QZ) where the subscript 0 denotes the least significant bit. The output sequence is desired to be the

Gray-code sequence 000, 001, 011, 010, 110, 111, 101 and 100 repeating periodically. Note that the bits are
listed in the Q,Q,Q, format. The combinational logic expression for D, is

(A) Q,Q, +Q.Q (B) Q.QiQ
(C) Q2Q1 + 6261 (D) QZQO + Q]_QO
(D)

The question is about counter design based on given information we can have the following table.

Present state Next state Flip flop inputs

Q Qo D

o
o

Q
L

)

1

Bk |k |k |lo|lo|lo]|o
Bl |lo|lo|k |k |o]|o
Bk |k |lojlo|r |o|o
olr|lo|lo|r |r|r|o
|k |lo|lo|lo|lo |k |~
Pl |kr|lo|lo|lr|lo|lo| T
olr|lo|lo|r |k |+ |o
|k |lo|lojlo|o |k |+

0
1
0
1
0
1
0
1
6

Dl(QZ'Ql'QO) =Zm(1,2,3, )
oN63, G0, 00, 04,

2, aabiin
: L

The causal signal with z-transform z° (z —a)f2 is (u[n] is the unit step signal)

D, = Qon + Qlc_go

(A) a*u[n] (B) n"a"u[n] (C) na"u[n] (D) (n+1)a"u[n]
(D)

2
Given X(z)= z . 1

(z-a) (1-az?)

We know, ﬁ <> (n+1)a"u(n)(standard z-transform)
1-az"
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A belt-driven DC shunt generator running at 300 RPM delivers 100 kW to 200V DC grid. It continues to
run as a motor when the belt breaks, taking 10 kW from the DC grid. The armature resistance is
0.025¢, field resistance is 50 Q, and brush drop is 2V. Ignoring armature reaction, the speed of the

motor is RPM. (Round off to 2 decimal places).
(275.18)

Given,

N =300 rpm

P, =100 kW

V =200V

R, =0.025Q

R, =50Q
Brush drop =2V

3
Py _100x10° .
Vo 200

Line current, I, =

v w0,
R, 50

=1+

I, =500 +4

I, =504A

Apply KVL

E, - LR, -BD=V,,

E,=I,R, +BD+V,

=504x0.025+ 2 + 200

E, =214.6V

If belt brokes,
P=10x10°

| =—=50A

Iy, :l:@:mo\
Ry, 50

|, =1 -1, =504
|, =46A

By KVL,
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V-I,R,-BD=E,
200-46x0.025=E,
E, =196.85V
Noc5

‘¢ ‘ is constant since current through shunt field winding is constant

E. <N = 196.85 <300
E, 214.6

g

N, =275.18 rpm

I
31. A three-phase balanced voltage is applied to the load shown. The phase sequence is RYB. The ratio H
R

is

1

)

. .l
In the following network we need to obtain I—B Re
R

Since the source is balanced
Viy = VlQ

Ve = V[120

VBR = V@

_ VRB __VBR __V@_ V 30

. = = = =
RO -jlo0 -0 -j0 10

Ve V2120 V, ..
po  jwo 10
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I +1,+15=0

V.V -V ~V
=1y =—] 1, +1, =] —=[30+—|-210° |= ——[1]30° +1]-210] = —|90°
o =Lt +1,] {ml— 1o|—} 10 [430°+1-210] 0%

\Y

In the circuit, switch ‘S’ is in the closed position for a very long time. If the switch is opened at time
t =0, then i_(t) inamperes, for t>0 is
t=0

oA

10
- W——

Wi

40 30V iLl §0.5H

(A) 8™ (B) 10 (C) 10(1-e®) (D) 8+2e™

(D)

In the following network we need to obtain i, (t) for t>0

t=0

< 10
| =
¥ 3v 05H § liL(t)

— Network in steady state

— Switch is closed

— Inductor is short circuited
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o—o 10

—ww—]

4Q 30V

— Network is in steady state

> Switchisopen

— Inductor is short circuited

—0 o0—— 10

LW —
4Q 30|\T l i, (oo) 8A

4+1

— Network for t >0is to be referred

— Independent voltage source to be shorted

—0 O0————

L AW—

o

7]

L MWW\—o0——o-
4Q

Time constant = L = E - i
Ry, 5 10

i, (c0)+[i (07) =i, () e t=0=8+[10-8]e ™ =8+2e™;t=0
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33. An air core radio-frequency transformer as shown has a primary winding and a secondary winding. The
mutual inductance M between the windings of the transformer is pH. (Round off to 2

decimal places). M
[ [ ]
73V,
50V,

100 kHz C“) ?

220

N

100 kHz (

220 5.0V

p-p
+ IPrima
ry
* 0

We need to calculate mutual inductance M between the windings of the transformer.

- Secondary is open circuited,
Isec = OA

2 (7.3),, =|oM

p- primary

5 22 5
—=7.3=2x1x100x10°* x M x —=2x==x100x10* x Mx — = |M =51.1 uH

Hence, the mutual inductance M between the windings of the transformer is 51.1 uH.
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Let p and q be real numbers such that p> +q* =1. The eigen values of the matrix {p q } are
q -p

(A) jand —j (B) land1 (C) 1and-1 (D) pgand —pq
©)

Characteristic equation of the matrix is

A2 —)L><(p—p)+(—p2 —q2)=0

=2’ -1=0= =11 (since p’+ ¢’ =1)

(Hint:A* - x (trace) + (determinant of matrix))

Let p(z)=2°+(1+]j)z* +(2+j)z+3, where Z is a complex number. Which one of the following is
true?

(A) All the roots cannot be real

(B) conjugate {p(z)} = p(conjugate {z}) for all z

(C) The sum of the roots of p(z) = 0 is a real number

(D) The complex roots of the equation p(z) = 0 come in conjugate pairs

(D)

Let z = j be a complex number

=Z=-j

p(z)=F+A+]))iP +(2+])j+3==j-1-j+2j-1+3=1

=p(z)=1

And p(Z)=p(=j)=(-J)" +{@+)(-)) +(2+])(-i)+3
= j-1=j-2j+1+3=3-2]

=Pp(2)%p(2)

.. option ‘B’ is not true.

(A) We can’t say all the roots are real

Eg: Let p(z)=2°—jz* +z—j has a3 complex roots z=—j, j, j
So, option ‘A’ and ‘C’ are not true.

We know that complex roots occur in conjugate pairs.

.. option ‘D’ is answer.

© All rights reserved by Thinkcell Learning Solutions Pvt. Ltd. No part of this booklet may be reproduced or utilized in any form without the written permission.




GATEFORUM
Enprevia Sieen |EE-2021 |

144

————— is the plant transfer function and
s(1+0.1s)

Consider a closed-loop system as shown. G, (s)=

Gc(s) =1 is the compensator. For a unit-step input, the output response has damped oscillations. The
damped natural frequency is rad/s. (Round off to 2 decimal places).

C(s)

Gp(s) >

(10.90)
The given block diagram is as follows

It is given that for unit step input response has damped oscillation we need to obtain damped natural
frequency.

The closed loop transfer function of above block diagram is

14.4
C(s)  G(s)G(s) $(1+0.1s) 14.4

R(S) 1+G,(s)G,(s) ,, 144  s(1+0.s)+14.4
5(1+0.1s)

14.4 144 ®2

n

C5+045% +144 2 +10s+144 S + 280 S+

By comparison o’ =144 = m, =12 rad/sec

28w, =10:>%’;=£=£=0.416
20, 24

n

Damped natural frequency: o, = o, 1-&’ =12~/1—(0.416)2 =10.90 rad/sec
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37. Two single-cover power cables have total conductor resistances of 0.7 Q and 0.5, respectively, and
their insulation resistance (between core and sheath) are 600 MQ and 900 MQ respectively. When the
two cables are joined in series, the ratio of insulation resistance to conductor resistance is x10°.
(300)

Ry =R +Re, (series)=0.7+05=1.2

(total

600x 900

instotall — A~A . A 360 XlOGQ
600 + 900

Rins(lotal) . 360><106
R 1.2

=300x10°

C(total)

An 8-pole, 50 Hz, three-phase, slip-ring induction motor has an effective rotor resistance of 0.08 Q per
phase. Its speed at maximum torque is 650 RPM. The additional resistance per phase that must be
inserted in the rotor to achieve maximum torque at start is Q. (Round off to 2 decimal

places). Neglect magnetizing current and stator leakage impedance. Consider equivalent circuit
parameters referred to stator.

(0.52)

Given,

P=8,

f =50Hz,
R,=0.08Q/ph[ *
N, =650 rpm

=7?

120f 12050

Synchronous speed, Ng = =750 rpm

Slip at maximum torque,
s, - Ng — Ny, _ 750-650 _ 0.133
N 750

We also have,

Ry Ry _008_
X', ST, 0.133

For producing maximum torque at starting

STm :1

S, 0.6Q

1
2(new

L=1=R,

=X, =06

2

new

=0.6-R', =0.6-0.08
=0.520Q
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Consider a large parallel plate capacitor., The gap d between the two plates is filled entirely with
dielectric slab of relative permittivity 5. The plates are initially charged to a potential different of V volts
and then disconnected from the source. If the dielectric slab is pulled out completely, then the ratio of
the new electric field E, in the gap to the original electric field E, is

(5)
On removal of voltage source, charge on the capacitor will remain constant.

Initially, Ql:%.vl (Q=CV)...(1)

After removing dielectric slab and voltage source
€,.A
d

V, and V, are potential between plates

Q =22, ()

E., — original electric field
Electric field E:M jizﬁ ' P L
d E, V, E, — new electric field

€, Z.A v, = aoc.jA v,
1

5

Since (1) = (2),

Vi
VZ

= % :% or ratio of new electric field strength to original electric field strength =5
2

Two generators have cost functions F, and F,. Their incremental-cost characteristics are

9% _s0402p,
d

1

9% g, 0.4P,
dP

2
They need to deliver a combined load of 260 MW. Ignoring the network losses, for economic operation,
the generations P, and P, (in MW) are
(A) P, =P,=130 (B) P, =160, P, =100
(C) P, =140,P, =120 (D) P, =120,P, =140
(B)
df _dR

dp, dP,

40+0.2P, =32+ 0.4P,
40-32=0.4P, - 0.2P,
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8=0.4P, —0.2P, (1)

P, +P, =260 MW ...(2)

— P, —2P, =—40 (1)

=P, +P, = 260 ..2)

Solve (1) and (2) for finding the values of P, and P,
—3P, =—300

P, =100MW
P, =160MW

A 3-Bus network is shown. Consider generators as ideal voltage sources. If rows 1, 2 and 3 of the Yg,

matrix correspond to Bus 1, 2 and 3, respectively then Y, . of the network is

Bus

Bus-2
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All voltage sources are ideal
L+ +1, =1, (1)

L =(V;-V,)(-11)

I1=(—j1)V1+(j1)V2 ...(2)

L=V, (—jl) ...(3)
=DV + ()Y, .3
=)V, - (), ...(5)
+=(Va=V,)(-1)

=(Jl) -V, -5
From equation (1) and (3)
L+1,+1, =V, (=il
V2 :(Jl)[(_.ll)vl +(j1)V2 +(j1)V2 +(_j1)V3 +(j1)V2 —(jl)V4]

V,=V, =3V, +V,+V,
4V, =V, +V,; +V,

1 1 1
V2 szl+zv3+zv4 (6)
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) 1 1 1
L= ()Y, +(,1)[Zvl +1v, +ZV“}

.3 1 1
I =—jZV1+j§V3 +JZV4 -(7)

. 1 1 1
l5 :(_Jl)[vs _Zvl _ZVS _ZV4}

3

L1 ) L1
I3:JZV1_JZV3+JZV4 ...(8)

=) v+ Tv e |- (v,

.1 .1 .3
I4:JZV1+JZV3_JZV4 (9

Which one of the following vector functions represents a magnetic field B?
(X, ¥ and 2 are unit vectors along x-axis, y-axis and z-axis respectively)

(A) 10xX +20yy —30z2 (B) 10yx+20xy—10zz
(C) 10xx —30zy +20yz (D) 10zx +20yy —30x2
(A)

By Maxwell’s equation we know that divergence of magnetic field in zero
V.B=0

Option 1: V.B=10+20-30=0

Option 2: V.B=0+0-10=-10

Option 3: V.B=10+0+0=10

Option4: V.B=0+20-0=20

V.B:iBX+£B +£BZ
ox oy 7oy

Thus option (A) is correct answer.
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The state space representation of a first-order system is given as
X=-X+U
y=X

Where, X is the state variable, u is the control input and y is the controlled output. Let u = —Kx be the
control law, where K is the controller gain. To place closed-loop pole at —2, the value of K is

1)

It is given that

X=—X+U

y=X

u=—kx

We need to obtain value of such that closed loop pole will be at s = -2.
Closed loop pole is roots of characteristic equation,

Characteristic equation in terms of state space is [sl - A|=0
X=—Xx+u=-x-kx (" u=-kx)
=sX(s)=-X(s)—kX(s) =x=x(-k-1)

= X(s)[s+1-k]=1 = x=Ax+BU

By comparison A=-k -1

Characteristic equation: |sI—A|=0

|s—(-k-1)=0|
Is+k+1=0

s+k+1=0 (Determinant of a constant is constant)

k+1=2 (closed loop pole is k +1and if should be at 2)
k=1

The waveform shown in solid line is obtained by clipping a full-wave rectified sinusoid (shown dashed).
The ratio of the RMS value of the full-wave rectified waveform to the RMS value of the clipped
waveform is (Round off to 2 decimal places).

© All rights reserved by Thinkcell Learning Solutions Pvt. Ltd. No part of this booklet may be reproduced or utilized in any form without the written permission.




GATEFORUM
Engineering Success | EE-2021 |

Key: (1.21)
Sol: In this case we need to obtain the ratio of r.m.s values of 2 wave forms.

V, (unclipped waveform) V, (clipped waveform)

Va
2

n
4

00 -

'([ V Smt [TV2 sin tdt+3rj/4(5§j2dt+ _[ V, sin tdt}

2 n /4 3n/4
= ”‘j 1 cosZt

2 1
v..] =T—Ivfdt Ry

dt+= J. dt +

sm 2t\" 2 2 /4 3n/4
2 EZ 13 }

0 =_—m I(l—cosZt)dtJr— I dt

O
[ —%//{n' smO
VZ

V2 1 _cos2t 1% “’4(1—0052t dtﬂ

0 n/4

i n/4 Slnzt i 3n/4
w292 |

B 1/3n =«
T ZfsinZ—sino |+ Z-T
i3{eng o) 53)

S =

2

V

_Va
Urms \E

a
A |3<m A |3<N A |3<N,

V
v _ 0707V 4 o
V., 0583V,
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Engineering Success

Two discrete-time linear time-invariant systems with impulse responses
h,[n]=8[n-1]+8[n+1]and h,[n]=8[n]+8[n—1] are connected in cascade, where 3[n] is the
Kronecker delta. The impulse response of the cascaded system is

(A) 3[n]8[n-1]+8[n—2]5[n+1] (B) 8[n—2]+3[n+1]

(C) 8[n—2]+8[n-1]+38[n]+8[n+1] (D) 8[n-1]8[n]+8[n+1]8[n-1]

(©)

It is given that

~1)*8(n) [+[8(n—-1)*5(n-1) |+[3(n+1)*5(n) | +[5(n+1)*8(n—1)]
n—2)+3(n+1)+8(n) [8(n=n,)*8(n—ny)=5[n—(n,+n,)]]
n—1)+38(n)+3(n+1)

2.2 1+Ts

In the gi figure, plant G = d tor G.(s)=K .
n the given figure, plant G, (s) (0 0.5) (1 0.45) (1 125) and compensator G (s) (1+T25J

The external disturbance input is D(s). It is desired that when the disturbance is a unit step, the steady-
error should not exceed 0.1 unit. The minimum value of K is . (Round off to 2 decimal

places). D(s)

6.(5) Hé)—» °0),

+

Key: (-10.45)
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The given block diagram is

G.(s)

29 1+Ts
Go(s)= (1+0.15)(1+0.4s)(1+1.25)’ G.(s)= (1”25}

When D(s) is unit step the steady state error should be at maximum 0.1, we need to obtain minimum
value of k.

Since there are 2 inputs (R(s), D(s)), we want E(s) due to D(s), so R(s) should be made 0

E(s) __G,(8)

D(s) 1+G,G.(s)

_Gp(s
E(S):s(1+c;p $)Gy (5))

Steady sate error e(c)=IlimsE(s)= IimL(s)
s-0 =01+G, (s)G,(s)
2.2
(140.15)(1+04s)(141.25) 22
¢ 1+Tls) 2.2 T 1+2.2k
1+T,s J(1+0.15)(1+0.4s1+1.25)

We need e(oo) <0.1

—2.2 <0. 0.22k >-2.3
1+ 2.2k

—-2.2<0.1+0.22k k> 2.3

< - 0.22
= -2.3<0.22k k >-10.45

Minimum value of k is —10.45.
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47.  Inthe open interval (0, 1), the polynomial p(x)=x*—4x°+2 has
(A) two real roots (B) three real roots
(C) one real root (D) no real roots

Key: (A)

Sol:  p(0)=z>0and p(1)=1-4+2=-1<0
.. one of the roots lies between 0 and 1

Signs of p(x): J;\/_\/i — twosign changes in p(x)

Signsof p(—x): + n + — nosign changes in p(—x)

\VAVe

. P(x) has at most two positive roots and no negative root. We know that complex roots occur in pairs
and p(x) is a 4" degree polynomial.

Hence p(x) has two real roots.

In the given circuit, the value of capacitor C that makes current I =0 is uF.

| 100 j5Q 5O
——AMWW T o

10V 6 o=>5k rad/s

Key: (20)
Sol:  Inthe following network we need to obtain value of C for which 1 =0

| 100 5O 5O
——MWW e 110N

10V G') ®=>5k rad/s

—>
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10V E" ®=>5k rad/s

If Z'=co then Z, =0 and hence I:ZX:OA

X

) 15[15+.1Cj
Z'=15||[15+_ j: J©
JoC

. . 1
54 j5+-———
LAl joC

For Z'=oo we need j5+j5+_i=0
JoC

—jo="1
Q)

St 1
100 10x5x10°
For current 1 = 0 we need C =20 uF.

=C =20 uF

In the BJT circuit shown, beta of the PNP transistor is 100. Assume V. =-0.7V. The voltage across
R. will be 5V when R, is kQ. (Round of to 2 decimal places).

Key: (17.53)
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Given V. =5V, So, I =§:ﬁmA
c .

| =to [ PELY 101,05 A _153mA
o | B )° 10033
Vi =12V -153x12

V. =10.164V

Given,V,. =-0.7V
V-V =-0.7V

=V; =V -0.7V =10.164V - 0.7V =9.464V

By applying Thevenin’s equivalent at the input bias network.

R
Ve =Vn, :RlTZRZXVcc
R,
9.464V = ——=—x12V
47k +R,
4Tk +R, 12

R,  9.464

47k 12
A Pl
R, | 9.464
47k 12

=2 __1=0.267
R, 9.464

-.R, =17.53kQ)|
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Suppose the circle x* +y* =1and (x—l)2 +(y—1)2 =r®intersect each other orthogonally at the point
(u,v). Theu +v= ,
1)
Let f(x,y)=x"+y” =1
of

dy ox —2X X .
Then = =—2=_— = _" js the slope of curve (1
dx of 2y y P @

oy

_99
And Y __ox _2x-) _—(x-1) is the slope of curve (2)
dx 09 2(y-1) y-1
oy

For orthogonal curves, product of slopes is —1

X x=D__

y (-1
=X -X=-y' +y
=X 4y =X+y

=x+y=1 ('.'x2+y2:1)

Since (1) and (2) intersect at (u, v)

Lu+tv=1

A 16-bit synchronous binary up-counter is clocked with a frequency f, .. The two most significant bits
are OR-ed together to form an output Y. Measurement show that Y is periodic, and the duration for
which Y remains high in each period is 24ms. The clock frequency f. . is MHz.
(Round off to 2 decimal places).

(2.048)

From the given information we can draw the following block diagram

16 bit binary up counter
(synchronous type)

Q15 Q14 Q13 Q12

—
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It is given that Y =1 for 24 m.sec in every period of Y. We need to obtain the clock frequency.

Since it’s a 16-bit synchronous binary up counter, when it will receive clocks it will change its states
from [00...000 to 11...111] i.e., total 2" number of distinct states in one counting cycle.

Y will be 0 only when Q,, and Q,, both are zero simultaneously else Y will be 1.

So out of 2*° number of states, the number of states when Q, =Q,, =0 is 2" (i.e., Q. =Q,, =0, but
rest of the 14 bits Q,, to Q, can vary minimum to maximum).

Total 2'° number of states
Out of 2'° states in 2** states Y=0

Out of 2'° states (216 —214) states Y = 1

(2 -2")T,, =24 m.sec
24x10°
e
1 1

f=——=—"—"2=2048 MHz
T, 488x10

Tow = 488x107 sec = 488 n.sec

V, (s
The bode magnitude plot for the transfer function W(S)) of the circuit is as shown.

The value of R is Q. (Round off to 2 decimal places).

Bode diagram

EY\
pedd/| N

N

Magnitude [dB]

10° T

® = 2000rad/s
Key: (0.1)

Sol:  For the following RLC circuit, the gain at frequency 2000rad/sec is given 26dB. We need to obtain value
of R

ImH

R
W

V, 250uF
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When the operating frequency is 2000 rad/sec
Z, = joL =jx2000x1x107° = j2
—j -1
Zc P P "
oC 200x250x10°°
In general

V, (jo) = =2V (jo)

"R+Z, +Z,

=—j2

Vo(io) — -j2
(jo) R+j2-j2

=

(at = 2000 r/sec)

2
- )

It is given that 20log \\i’((m) =26

(at = 2000 rad/sec)
(2)

2 2
Equating equation (1) and (2) —=19.95=R=——=R =0.1Q
quating eq (1) and (2) = 19.05

In the circuit shown, a 5V Zener diode is used to regulate the voltage across load R,. The input is an
unregulated DC voltage with a minimum value of 6V and a maximum value of 8V. The value of R; is
6 Q.. The zener diode has a maximum rated power dissipation of 2.5 W. Assuming the zener diode to be

ideal, the minimum value of R, is Q.
R

S
MWW

v =
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v =

For ideal Zener diode | =1__=0mA

zmin knee

Given, P, . =1

max ZmaxVZ
|, = 2mex 229 _ g 5p
V. 5

Zmax

Let (-1—j),(3-]j),(3+j)and (—1+ j) be the vertices of a rectangle C in the complex plane. Assuming

. \ S . dz .
that C is traversed in counter-clockwise direction, the value of the contour integral (j)z— is
z
C

(-4)

A) 0 ® F © £ o I

(B)
Let A(-1,-1)=-1-j;B(3,—1); D(3,1)and E(-1,1) be the vertices of rectangle

2°(z-4)=0=2z=0,4
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—in Only z=0 lies inside the curve

A CMOS Schmitt-trigger inverter has a low output level of 0V and a high output level of 5V. It has
input thresholds of 1.6V and 2.4V. The input capacitance and output resistance of the Schmitt-trigger are
negligible. The frequency of the oscillator shown is Hz.

(Round off to 2 decimal places).

Key: (3166.20)
Sol:

v,
(volt)

5
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Ve (1) =V () + (vC (07)-Ve (oo))e%
Att=T, V. =16V

,Tl

16V =0+(2.4-0)eR°

,Tl
grc — 16
2.4

__T1:Cn E =—/n ﬁ
RC 2.4 1.6

. T, =RC(n(1.5)=10x10° x47 x10"° x (n(1.5) =1.9x10* sec

For T,: V,(07) =16V, V() =5V

L
vc(oo)+(vc(0*))—vc(oo)e RC
At t=T,;V, =2.4V

’TZ
2.4V =5+(1.6-5)eRC
_T2
2.4-5=-3.4eF¢
,TZ

—2.6=-3.4eRC
,TZ
erc =20
3.4

_R—-Ié = Un(%j = —Un@;.gj
T, =RC/n(1.307)
=10x10° x47x10"° x (n(1.307)
=1.258x10"*sec
T=T,+T,=(1.9+1.258)x10"sec =3.151x10* sec

A .
T 3.151x10°*

f =3166.20Hz

Hz =3166.201 Hz
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